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MRLQWV LVFRQVLGHUHGDVRQHRI WKHSULPH IDLOXUHPHFKDQLVPV >@+RZHYHU WKHFUHHSSURSHUWLHVRIEUD]HG MRLQWV
FRQFHUQWRWKHZKROHEUD]HGMRLQWVSHUIRUPDQFH(YHU\SDUWRIWKHMRLQWVKRXOGEHFRQVLGHUHG>@7KHUHIRUHLWLV
YHU\LPSRUWDQWWRVWXG\WKHFUHHSSURSHUWLHVRIEUD]HGMRLQWVFRQVLGHULQJWKHZKROHMRLQW7KHZLGWKRIWKHZHOGLQ
EUD]HG MRLQWV LV RQO\ DERXW  P P >@ LW LV D OLWWOH GLIILFXOW WR XVH WKH FRQYHQWLRQDO H[SHULPHQWDO
PHWKRGVWRVWXG\WKHSURSHUWLHVRIMRLQWV
$ORFDOL]HGFUHHSWHVWLQJWHFKQLTXHLVDWWUDFWLYH,WWXUQHGRXWWKHF\OLQGULFDOLQGHQWHUZLWKDIODWHQGGRHVJLYHD
VWHDG\VWDWHSHQHWUDWLRQYHORFLW\DWFRQVWDQW ORDGZKLFK LVFDOOHGDV LPSUHVVLRQFUHHS>@7KLV LPSUHVVLRQFUHHS
WHVWLQJKDVEHHQDSSOLHG WRVWXG\ WKHFUHHSEHKDYLRURIZHOGPHQWV >@:KHQ WKHGLDPHWHURI WKHF\OLQGULFDO
SXQFK LVFRQWUROOHG WREHVPDOO WKH LPSUHVVLRQFUHHS WHVWLQJFRXOGEHXVHG WRPHDVXUH WKHFUHHSRIEUD]HG MRLQWV
$GGLWLRQDOO\LWLVSRLQWHGRXWWKDWREYLRXVHOHPHQWGLIIXVLRQFDQEHREVHUYHGLQEUD]HGMRLQWV>@8SWRQRZQR
UHIHUHQFHV KDV EHHQ IRXQG RQ WKH HIIHFW RI GLIIXVLRQ UHJLRQ RQ WKH FUHHS EHKDYLRU RI EUD]HG MRLQWV ,Q WKLV
LQYHVWLJDWLRQDQLPSUHVVLRQFUHHSWHVWLQJV\VWHPLVEXLOWDQGXVHGWRVWXG\WKHFUHHSRIEUD]HGMRLQWV7KHUHVXOWVDUH
H[SHFWHGWRSURYLGHEDVLVIRUWKHVWUXFWXUDOLQWHJULW\DQDO\VLVRIEUD]HGMRLQWV
([SHULPHQWDOSURFHGXUHV
2.1. Sample preparations 
7RIDEULFDWHPXOWLSOHVDPSOHVIRUPLFURVWUXFWXUDODQDO\VLVDQGLPSUHVVLRQFUHHSWHVWLQJDGHYLFHLVPDGHRIWZR
PPPPPP&X EORFNV WRJHWKHU LQ D EXWW MRLQW JHRPHWU\ZLWK D MRLQW JDS RI PP7KH ILOOHU LV 6Q
$J&XVROGHU7KLVGHYLFH DV VKRZQ LQ)LJ FRQVLVWHGRI D FRUXQGXPFUXFLEOH FRSSHU IRLO DQG VWDLQOHVV
VWHHOEORFNV7KHFRSSHUIRLOLVXVHGWRHOLPLQDWHWKHSUREOHPRI6Q$J&XVROGHURYHUUXQRQWRWKHFRUXQGXP
FUXFLEOH
7KHVWDLQOHVVVWHHOEORFNVDUHXVHGWRKROGWKH&XEORFNVILUPO\LQSODFHGXULQJVROGHULQJ%HIRUHZHOGLQJWKH&X
EORFNVDUH OLJKWO\JURXQGZLWKDEUDVLYHSDSHU IROORZHGE\D ULQVHZLWKYDFXXPFOHDQHU LQDFHWRQHDQG IRUFHGDLU
GU\LQJWRSURYLGHDUHSURGXFLEOHVXUIDFHIRUVROGHULQJ7KHFRPSOHWHGDVVHPEO\LVSODFHGLQDYDFXXPWXEHEUD]LQJ
IXUQDFH *6/; DQG WKHQ WKH YDFXXP WXEH LV KHDWHG WR DERXW  R& 7KH KHDWLQJ UDWH LV  R&PLQ DQG
KROGLQJWLPHLVPLQ
7R REWDLQ VLPLODU VSHFLILFDWLRQ VDPSOHV IRXU WHVW VSHFLPHQV  PP DUH FXW E\ HOHFWULFDO GLVFKDUJH
PDFKLQLQJ('0IURPHDFKVROGHUHGEORFNWRSURPRWHFRQVLVWHQF\LQWKHVROGHULQJSDUDPHWHUVIRUHDFKVSHFLPHQ
VHW>@

  
 )LJ6FKHPDWLFRIVDPSOHDVVHPEO\ )LJ6FKHPDWLFRIWKHLPSUHVVLRQFUHHSWHVWLQJ
2.2. Impression creep testing 
)LJXUH VKRZV WKHGHVLJQHG VFKHPDWLFRI LPSUHVVLRQFUHHS WHVWLQJ7KH WHVW VDPSOH LVSODFHG LQ WKHPDJQHWLF
VWLUUHU')6ZKLFKLVKHDWHGE\UHVLVWDQFHZLUH$IODW,QFRQHOF\OLQGULFDOLQGHQWHUZLWKDGLDPHWHUDERXW
PPLVFRQQHFWHGWR$ODOOR\EDU'XULQJPHDVXUHPHQWWKHSXQFKLQJORDGLVDSSOLHGRQWKHLQGHQWHUE\WKHORDG
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FHOOWKURXJKWKHEDU7KHGLVSODFHPHQWRIWKHLQGHQWHULVPHDVXUHGPHDQZKLOHZLWKDPDJQHWRVWULFWLYHGLVSODFHPHQW
VHQVRU DWWDFKHG WR FRPPXQLFDWLRQPRGHO 56 7KHPDJQHWLF VWLUUHU LV XVHG WR KHDW ERWK WKH VDPSOH DQG WKH
SUHVVXUH EDU GXULQJ WHVWLQJ7KH HUURUV RI WKHPHDVXUHPHQW LQ VWUHVV GLVSODFHPHQW DQG WHPSHUDWXUH DUH 03D
PPDQGR&UHVSHFWLYHO\7KHSXQFKLQJVWUHVVUDQJHVIURPWR03DDQGWHPSHUDWXUHYDULHVIURP
WRR&ZKLFKPHHWVWKHFUHHSWHVWLQJUHTXLUHPHQWVDFFRUGLQJWRWKHUHIHUHQFHV>@
5HVXOWVDQGGLVFXVVLRQ
3.1. Microstructure of brazed joints 
)LJXUH  D VKRZV WKH W\SLFDO PLFURVWUXFWXUH RI WKH EUD]HG MRLQW 7KHUH DUH PRUH SRUHV DORQJ WKH LQWHUIDFH
EHWZHHQ WKH EDVH FRSSHU FRPSDUHG ZLWK WKRVH LQ ZHOG ]RQH )LJ  E VKRZV WKH HOHPHQW GLVWULEXWLRQ SDVVLQJ
WKURXJKWKHGLIIXVLRQUHJLRQ7KHHOHPHQWVFRQWHQWV LQGLIIXVLRQUHJLRQDUHGLIIHUHQWIURPWKRVHLQZHOG LQZKLFK
OHVV6QDQGPRUH&XFDQEH IRXQG$JFRQWHQWPDLQWDLQV ORZ WKURXJKWKHZKROHEUD]HG MRLQWV6QFRQWHQW LV ORZ
DERXWDWPDWUL[&RPSDUDWLYHO\&XFRQWHQW LVYHU\KLJK DERXW 6QFRQWHQW LQFUHDVHV VLJQLILFDQWO\ WR
DERXW  EXW &X FRQWHQW GHFUHDVHV WR  DW GLIIXVLRQ UHJLRQ ,Q WKH ZHOG 6Q FRQWHQW LQFUHDVHV
VLJQLILFDQWO\ WR DERXWEXW&X FRQWHQW UHGXFHV WR DERXW 7KHZLGWKRIGLIIXVLRQ UHJLRQ LV DERXWP
DFFRUGLQJ WR WKH YDULDWLRQ RI HOHPHQW FRQWHQW 6WHHO EORFNV DUH XVHG WR SURPRWH XQLIRUP FODPSLQJ SUHVVXUH DQG
HOLPLQDWHWKHSUREOHPRIVROGHURYHUUXQGXULQJEUD]LQJ7KRXJKWKHFRSSHUILOPVDUHXVHGLQWKHEORFNVWRHQVXUH
WKHIL[HGSUHVVXUHWKHZLGWKRIZHOGLVGLIIHUHQW7KHZLGWKLVVWDWLVWLFDOO\FRXQWHGZKRVHUHVXOWVDUHVKRZQLQ)LJ
7KHDYHUDJHZLGWKRIZHOGLVȝP7KHXSSHUDQGORZHUHUURUVRIDOOVDPSOHVDUHZLWKLQ&RUUHVSRQGLQJO\
WKHZLGWKHIIHFWRQWKHFUHHSEHKDYLRUKDVQRWEHHQFRQVLGHUHG

  
 D E
)LJ0LFURVWUXFWXUHRIWKHEUD]HGMRLQWD%UD]HGMRLQWE('6DQDO\VLVRI$J&XDQG6Q
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3.2. Impression creep results of brazed joints 
7R VWXG\ WKHPLFURVWUXFWXUDO HYROXWLRQ RI WKHPDWHULDOV GXULQJ LPSUHVVLRQ FUHHS WKH VSHFLPHQV DUH VHFWLRQHG
DORQJ WKH LPSUHVV GLUHFWLRQ LQ WKH PLGGOH RI WKH LPSUHVVHG DUHD DQG WKH PLFURVWUXFWXUH LV VWXGLHG EHQHDWK WKH
LQGHQWHU7KHDIWHUFUHHSPLFURVWUXFWXUHRIEUD]HG MRLQWV LV VKRZQ LQ)LJ  $GLVWLQFW IORZSDWWHU FDQEH IRXQG
XQGHU WKH LQGHQWHU 2XWVLGH WKLV UHJLRQ WKHUH LV DQ DOPRVW QR GLVWLQJXLVKDEOHPLFURVWUXFWXUH FKDQJH 5HJLRQ 
ZKLFKLVVLPLODUWR5HI>@

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)LJ,PSUHVVLRQFUHHSFXUYHVRI6Q±$J&X&XEUD]HGMRLQWVDWYDULRXVVWUHVVHVDQGWHPSHUDWXUHVD03DE03DF03D
)LJXUH  VKRZV WKH LPSUHVVLRQ FXUYH RI 6Q±$J&X&X EUD]HG MRLQWV DW GLIIHUHQW SXQFKLQJ VWUHVVHV DQG
WHPSHUDWXUHV+RZHYHUGXHWRWKHLQGHQWLQJSRVLWLRQFDQQRWEHIL[HGSUHFLVHO\E\WKHSUHVHQWV\VWHPWKHGLVWDQFHRI
WKHFHQWHURILQGHQWHUWRWKHLQWHUIDFHEHWZHHQEDVHPDWHULDODQGZHOGLVPHDVXUHGZKRVHUHVXOWVDUHVKRZQLQ)LJ
)URP)LJLWFDQEHIRXQGWKDWZKHQWKHVWUHVVLVPDLQWDLQHGDV03DWKHLPSUHVVLRQGHSWKLQFUHDVHVZLWKWKH
LQFUHPHQWRIWHPSHUDWXUH7KHULVLQJDPSOLWXGHRILPSUHVVLRQGHSWKLVKLJKHUWKHGDWDEHWZHHQR&DQGR&
FRPSDUHGZLWKWKRVHEHWZHHQR&DQGR&7KHGHFUHPHQWLQWKHULVLQJDPSOLWXGHVKRXOGEHUHOHYDQWWRWKH
LQGHQWHUSRVLWLRQ7KHLQGHQWHUFORVHVWRWKHLQWHUIDFHEHWZHHQWKHEDVHPDWHULDODQGZHOGDWWHPSHUDWXUHVRIR&
DQGR& 7KHPLFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHVRIGLIIXVLRQ]RQHDUHXQOLNH WKRVHRIZHOGZKLFKFDQ
IXUWKHULQIOXHQFHWKHFUHHSSHUIRUPDQFHZKHQWKHLQGHQWHULVFORVHWRRUIDUIURPWKHLQWHUIDFH:KHQWKHVWUHVVLV
03DWKHPD[LPDOLPSUHVVLRQGHSWKLQFUHDVHVZLWKWKHWHPSHUDWXUHILUVWO\DQGWKHQDGHFUHPHQWFDQEHIRXQG7KH
ORZHUPD[LPDO LPSUHVVLRQGHSWK DW WHPSHUDWXUHRI R& UHODWHV WR LQGHQWHU SRVLWLRQ0RUHSRUHV FDQEH IRXQG
DORQJ WKH LQWHUIDFH EHWZHHQ WKH FRSSHU PDWUL[ DQG WKH ZHOG FRPSDUHG ZLWK WKRVH LQ WKH ZHOG 7KLV PDNHV WKH
PDWHULDOLQWKH]RQHFORVHWRWKHLQWHUIDFHEHSURQHWRGHIRUP,QWKHFRQWUDU\DVVKRZQDERYHWKHFUHHSGHIRUPDWLRQ
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DELOLW\VKRXOGGHFUHDVHZKHQWKHPHDVXUHGSRVLWLRQFORVHVWRWKHGLIIXVLRQ]RQH7KHORZPD[LPDOLPSUHVVLYHGHSWK
DWR&VKRZVWKDWWKHHIIHFWRIFUHHSSURSHUWLHVRIGLIIXVLRQ]RQHLVPRUHREYLRXVWKDQWKDWRISRURVLW\RQWKH
FUHHSGHIRUPDWLRQRIWKHEUD]HGMRLQWV7KHPHDVXUHGSRLQWDWR&ORFDWHVPRUHIDUIURPWKHLQWHUIDFHWKDQWKDWDW
R&+RZHYHUWKHPD[LPDOLPSUHVVLYHGHSWKDWR&LVOLWWOHORZHUWKDQWKDWDWR&WKRXJKWKHWHPSHUDWXUH
LVKLJKHU,WFRXOGEHGHGXFHGWKDWWKHZHOGPDWHULDOPD\EHGLIILFXOWWRFUHHSDWR&:KHQWKHVWUHVVLQFUHDVHVWR
03DWKHPD[LPDOLPSUHVVLYHGHSWKVKRZVDQLQFUHPHQWWHQGHQF\ZLWKWKHWHPSHUDWXUHLQFUHDVLQJILUVWO\7KH
ODUJHUULVLQJDPSOLWXGHEHWZHHQDQGR&VKRXOGEHFDXVHGE\WKHORZHUFUHHSUHVLVWDQFHZKHQWKHPHDVXUHG
SRVLWLRQ ORFDWH IDU IURP WKH LQWHUIDFH FRPSDUHGZLWK WKRVH EHWZHHQ DQG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